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In this issue of Structure, Lanouette and colleagues use a combination of computation and experiment
to define a specificity motif for the lysine methyltransferase SMYD2. Using this motif, they predict and
experimentally verify four new SMYD2 substrates.Protein lysinemethyltransferases (PKMTs)
such as SMYD2 transfer one, two, or three
methyl groups to the ε-amine of a lysine
side chain. This protein family methylates
histones, executing a critical step in the
epigenetic regulation of chromatin struc-
ture and gene expression. PKMTs also
modify several nonhistone substrates
(p53, Retinoblastoma protein, and estro-
gen receptor a) and are frequently associ-
atedwith aspects of cell cycle progression
and chromosome segregation. Despite
the central importance of PKMTs to cell
biology, the comprehensive identification
of PKMT targets is currently limited by
technical obstacles. In particular, the small
change in molecular weight and lack
of charge associated with modification
by methylation makes detection by mass
spectrometry nontrivial and the generation
of specific antibodies difficult (Lanouette
et al., 2014).
In this issue of Structure, Lanouette
et al. (2015) address this challenge by tak-
ing an alternate approach to the identifi-
cation of SMYD2 substrates. The idea is
simple: to conduct comprehensive satu-
ration point mutagenesis for the peptidesubstrate in silico and use the results
to define a specificity motif for methyl-
transferase activity. To do this, they begin
with a crystal structure of SMYD2 in com-
plex with a p53 substrate peptide. The
peptide residues 1, +1, and +2 relative
to the methylated lysine are then individu-
ally mutated to all other amino acid resi-
dues with the exception of proline, and
the new point mutant peptide/SMYD2
complex is energy minimized and scored
using a physics-based potential energy
function. The energetic scores (referred
to in the article as substitution fitness
values) are then used to select tolerated
or beneficial mutations in the peptide, re-
sulting in a calculated binding motif for
SMYD2. For these calculations, the au-
thors make a key strategic choice: to
represent the complex between SMYD2
and peptide ligand as a conformational
ensemble. This approach, often referred
to as ‘‘multistate design,’’ attempts to
capture the flexibility of natural proteins
by calculating energy over a conforma-
tional ensemble (typically on the order of
10–102 structures) instead of for a fixed
single-structure template (Friedland andKortemme, 2010). Indeed, prior work has
shown that multistate design can improve
the de novo design of small proteins
(Allen et al., 2010) and the accuracy of
peptide binding specificity predictions
(Smith and Kortemme, 2010).
In this article, Lanouette et al. (2015)
directly compare the predictive capacity
of multistate and single-state computa-
tional design protocols to experimental
methyltransferase data. Using peptide
SPOT arrays, SMYD2 methyltransferase
activity is tested for a collection of p53
substrate peptides where the 1, +1,
and +2 positions are individually mutated
to all other amino acid residues. The re-
sults are striking: the multistate design
calculations largely reproduce the experi-
mentally determined specificity motif
(Figure 1). In contrast, single-state design
predicts unfavorable energies for several
amino acids well tolerated by SMYD2
experimentally. The observation that
multistate design calculations result in
fewer false negatives for this system is
consistent with the well-known observa-
tion that fixed backbone calculations
often induce steric clashes that would be5 ª2015 Elsevier Ltd All rights reserved 11
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Figure 1. Specificity Motif Determination for the Protein Lysine Methyltransferase SYMD2
(A) In single state design, the kinase and peptide substrate are modeled using a fixed backbone conformation. The computationally predicted motif is similar to
the experimental motif but does not capture the amino acid diversity possible at the +1 position.
(B) In multistate design, the kinase and peptide substrate are modeled as a set of 180 conformers. The resulting motif better corresponds to the
experimental motif.
(C) The specificity motif of SMYD2 was experimentally measured using peptide SPOT arrays.
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bone. Although the multistate and experi-
mental motifs show excellent qualitative
agreement, several features are incor-
rectly predicted. Most notably, the exper-
imental motif includes tyrosine at the +2
position, while multistate design predicts
this as one of the most unfavorable sub-
stitutions. Lanouette et al. (2015) go on
to use the experimental motif to identify
a list of 95 candidate SMYD2 substrates
and shorten this list using a combination
of gene annotation, functional data, and
amino acid conservation analysis. Of the
final list of ten candidates, four novel
SMYD2 substrates are verified in vitro,
and all four are compatible with the motif
predicted by multistate design.
The ultimate goal of computational pro-
tein design is to quantitatively describe
protein structure and function in terms
of physical rules. However, a number
of computational assumptions, including
limited conformational flexibility and the
difficulty of capturing long-range and
cooperative interactions, currently limit
our predictive capacity. In this respect,
the work of Lanouette et al. (2015) contrib-12 Structure 23, January 6, 2015 ª2015 Elseutes a careful and thoughtful case study
of what is captured and what is missed.
More generally, the prediction of protein-
ligand affinities represents an excellent
reduced problem for refining our theoret-
ical descriptions of protein thermody-
namics and binding. From the perspective
of computational complexity, the number
of residues for a protein-peptide interface
is typically smaller than a full interface
or globular protein core, and it is more
tractable to generate large conforma-
tional ensembles. Further, there is a rich
body of experimental data on protein-
peptide interactions and posttranslational
modifications (PDZ domains [Ivarsson
et al., 2014], SH3 domains [Xin et al.,
2013], and kinases [Blethrow et al.,
2008], among others) that provides a
rigorous test set for our ability to classify
binders versus nonbinders, predict spec-
ificity, and better understand cooperative
interactions between mutations. Over the
past 20 years, computational protein
design has shown marked utility in pre-
dicting stabilizing mutations and engi-
neering new binding sites. The work of
Lanouette et al. (2015) provides an initialvier Ltd All rights reserveddemonstration that calculations can pre-
dict new substrates for posttranslational
modification and suggests an interesting
route forward for substantively improving
our physical description of proteins.
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